Among surfactants employed to control the particle shape and size, bio-polymers like starch are considered as an effective and environment friendly option. It has been reported that polymeric nature of starch acts as a template for the formation of highly crystalline nanoparticles as it is a green precursor and offers economically viable option for production of ZnO [22] [23] [24] [25] .
Experimental
According to the literature reports, TiO 2 has been extensively used as one of the most effective semiconductor photocatalysts. A quick recombination of charge carriers upon exposure to light is the major limitation to achieve high photocatalytic efficiency against pollutants. Recombination of electrons and hole pairs has faster kinetics and therefore, it reduces the quantum efficiency of photocatalysis. In order to promote the photocatalysis efficiency it is very important to decrease the recombination rate. This photocorrosion problem can be solved by surface modification of photocatalyst which may change the charge, functionality, reactivity of the surface and enhance stability. There are several reports describing the prohibition of the photocorrosion by surface modification some of the important examples are discussed here. Photocorrosion suppression was achieved by Zhu et al via hybridization of ZnO with graphite like carbon [25] . Another report on the photoelectrochemical water splitting using carbon and nitrogen co-treated ZnO nanorod arrays describes the enhancement in the catalytic activity with decreased photocorrosion due to surface modification. The enhancement in the photocatalytic performance and suppression of photocorrosion of ZnO via coupling with carbon materials and reduced graphene oxide showed good results in the photocatalysis [26] . Doping of ZnO [26] with metals [27] , non metals [28] , other compounds [29] and semiconductor materials [15] can also be considered to enhance visible range photocatalytic activity. Among them, doping with a noble metal (Ag and Au) is the most sought after idea due to LSPR (a unique property of conduction band electrons of noble metals to oscillate by incident light). Noble metal doping also limits recombination of electron hole pairs [30] due to the formation of Schottky junction and such noble metal doped catalysts are sometime referred to as plasmonic photocatalysts thus silver has attracted much attention as dopant [31, 32] . Ag doped ZnO has been studied by several researchers e.g. Georgekutty [33] et al. reported the visible light performance of Ag doped ZnO particles by monitoring the degradation reaction of Rhodamin 6G (R6G). Mondal [34] et al. studied the direct sunlight performance of ZnO photocatalysts by doping it with Au by monitoring a spectrum of dyes, but efficiency of degradation was not attractive. Zhang [22] et al. synthesized highly crystalline micro porous ZnO using starch as surfactant showing excellent catalytic properties under UV radiation. The studies demonstrated that, high oxygen content in semiconductor can improve the visible light photocatalytic properties of semiconductor [2] . Though one pot synthesis of the Ag/ZnO is reported, still precipitation of Ag nanoparticles on the surface can be considered as an excellent option since it will facilitate control over the amount of silver particles. The authors have earlier demonstrated synthesis and applications of ZnO, TiO 2 and silver nano-particles and herewith extending their efforts in photocatalysis [22] .
The present study relates with the idea of designing a highly solar active silver doped ZnO photocatalyst using starch and its sintering at a lower temperature to retain oxygen rich surfaces. In order to study the photocatalytic performance, Methylene Blue was chosen as the primary dye. Degradation of other organic dyes like Rhodamine B, Methyl Orange, Bromophenol Blue and p-nitrophenol were also monitored. To the best of our knowledge, the present report is probably the first to describe solar degradation of p-nitrophenol using Ag doped ZnO.
Materials
All reagents used were of analytical grade and were purchased from commercial sources. The water used for the experiment is ultrapure water from Millipore Direct Q 3UV purifier system.
Instrumentation
Powder X-Ray Diffraction was performed using Bruker A8 advanced with monochromatized CuKα radiation with an accelerating voltage of 40 kV and an applied current of 20 mA. Field Emission Scanning Electron Microscopy (FESEM) and EDAX were performed with a supra 40, Carl Zeiss Pvt. Ltd. Instrument and Oxford link, ISIS 300 to find the nanocrystal composition. Photoluminescence studies were conducted using a Cary Eclipse fluorescence spectrophotometer by Agilent. Transmission Electron Microscope (TEM) images were taken by TECHNAI G2 instrument. X-Ray Photoelectron Spectroscopy (XPS) was done with ESCA-3000 (VG Microtech UK) having Mg Kα and Al Kα source. All UV-Visible spectroscopic analysis were done on Specord 210 plus (Analytik Jena). The sunlight intensity was measured using a Lutron LX-101A light meter. The photocatalytic activities were performed under direct sunlight with average intensity of about 86,500 LUX as measure by LUX meter.
Synthesis of ZnO nanoparticles
Zinc Nitrate 30.00g is added to 0.5% starch solution [11] and the mixture was kept under constant stirring for an hour. After complete dissolution of the zinc nitrate, temperature was increased to 60 °C and 600 ml NaOH solution in water (0.2 M) was added to the reaction mixture. The mixture was further stirred at same temperature for another 4 hrs. The overall mixture was kept for cooling and ageing overnight. The suspension was centrifuged to collect white precipitate which was washed with ethanol and distilled water twice. White powder so-collected was dried in an oven at 80 °C for 3-5 hrs. Suspension of ZnO particles capped with starch was made in ethanol and AgNO 3 was added to it for loading of silver particles via reduction of silver ions. The process involves reduction of silver salt by the ethanol solution whereby Ag particles are formed on the surface of ZnO. Ethanol is known to be a mild reducing agent and formations of silver nano-particles have been reported by ethanol reduction process by others also [35] . The color changes from white to mild yellow and/or yellow brown for the final silver doped zinc oxide powders (B, C in Figure 1 ). The typical chemical reaction mechanism could be explained as below;
Synthesis of Ag/ZnO nano catalyst 1 .0g of ZnO nanoparticles were taken and dispersed in 100 ml ethanol via sonication process for 30 minutes. AgNO 3 (40 mg) was suspended in above solution for preparation of Ag/ZnO 1. The solution was stirred for 3 hours at a temperature of 45 °C to obtain a brownish yellow precipitate. The precipitate was centrifuged, collected and washed with ethanol and DI water. Similarly, Ag/ZnO 2 was prepared by adding 160 mg of AgNO 3 to the solution/suspension containing same amount of ZnO.
Photocatalytic study
Photocatalytic performance of the Ag/ZnO composition was determined by monitoring the degradation of methylene blue dye in sunlight. 0.02 mM aqueous solution of methylene blue was prepared in distilled water. To the methylene blue solution (30 mL), bare ZnO or Ag/ZnO catalysts (30 mg) were dispersed to prepare the final reaction solution (1g/L) ready for photocatalytic evaluation. The so-generated solutions were kept in dark and stirred well for 20 minute to achieve adsorption equilibrium between MB and the catalyst surfaces. The solution was placed under direct sunlight with occasional stirring. After reaction, every 20 minute, 2 mL solution was withdrawn and centrifuged to record UV/Vis spectra of the sample. The procedure was repeated with various concentrations of catalysts. Similar experiments were done with Rhodamine B (RhB), Methyl Orange (MO), Bromophenol Blue (BPB) and p-nitrophenol (PNP)
Results and Discussion
White crystalline nanoparticles of ZnO is formed as the result of the reaction.(A in Figure 1 ). During reaction Zn ions of Zinc Nitrate interact with OH radicals of starch networks, which is an important component of the system [24] . The zinc oxide formed get converted to ZnO nanoparticles by heat treatment at 100-200 °C. The nitrate group get decomposed as NO 2 and Oxygen.
The typical reaction can be expressed as:
The so-generated powders were analyzed by several modern tools e.g. XRD, SEM, TEM, XPS, UV-Vis and PL spectroscopy.
XRD Measurements
The crystallinity, phase, and purity of the as-prepared samples were determined by powder X-ray diffraction (PXRD). Obtained XRD patterns of the ZnO and ZnO/Ag particles are shown in Figure 2a . (103), (200), (112), (201), and (202) crystal planes of the hexagonal ZnO structure [22] . The same peaks appear in the XRD pattern of Ag/ZnO, indicating there are no structural changes due to silver doping however, pattern also shows peaks for fcc Ag. A peak at 2θ 38.45º, which is due to the presence of (111) crystal plane of silver particle on ZnO surface, was an excellent confirmation of formation of silver at ZnO [18] . The peak at 2θ 44.27º for (200) is also visible but the peak at 2θ 64.60º for (220) crystal planes of fcc metallic Ag are not so clear however indication in the XRD pattern is there was very weak hump. Interestingly, it has been observed that there is a minor red shift in 2 theta values for ZnO peaks due to presence of silver (Figure 2b ), possibly due to intera-ction of silver with ZnO matrix by the formation of Schottky junction [36] . The size of the nanoparticles was estimated by DebyeScherrer equation [22] and was found to be 21.6 nm. The increase in crystalline size of Ag/ZnO was only marginal but can be attributed to the addition of Ag particles to the matrix [37]. The particle size of silver present on the surface or in the matrix of ZnO was estimated to be 18.9 nm which suggest that it is in the range to be adsorbed on the surface. The lattice spacing between two planes in ZnO for 002 plane at 2θ value of 34.47º is 0.26 nm. The same is 0.234 nm for silver present in the Ag/ZnO catalyst for 111 planes of silver at 2θ value of 38.45º. Lattice spacings for both materials match well with the reported values thereby confirming excellent quality and actual crystal planes and structure of the nano-particles [17] . The presence of oxygen vacancies in the crystal structure of the ZnO plays very important role in deciding catalytic activity. The oxygen vacancies in present case were confirmed from literature reports [37]. 
SEM/EDAX Analysis
To study the morphology of ZnO particles and distribution of Ag particles on the surface of the matrix, SEM analysis was carried out (Figure 3 ). In the SEM image, the morphology of the matrix (ZnO) is observed to be plate like however flaky in nature but closer to tubular shaped. Such mixed elongated morphology has been described to be useful for energy capturing process [38] . The Ag doped ZnO showed spherical particles on the surface of the plate like flakes which no longer retains tubular appearance but are elongated to retain mixed morphology of the powder. The surface of the ZnO nanoparticles can be seen with uniformly dispersed Ag nanoparticles all over them. The Ag particles are more visible in the sample with larger concentration than the one with lower concentration. Two clear silver percentages could be established with the help of EDAX analysis (Figure 4) 
In the TEM images, the sample showed large plate and flaky appearance. The matrix plates (starch) are about 150-200 nm in length and about 20 nm in width. However uniformly distributed much smaller particle of ZnO can be considered due to presence of starch as overall matrix ( Figure 5 ). The dark spots observed are due to homogeneously distributed silver nanoparticles on the surface of ZnO with the particle size of 15-20 nm. It is seen that ZnO is mostly appear as rod shape which match well with morphological observations made from SEM. Due to the lack of high quality HRTEM, lattice fringes for silver and zinc oxide could not be measured to demonstrate diffusion of silver to the ZnO boundary.
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XPS Analysis
In order to understand the surface components and chemical states of the Ag/ZnO composite, XPS analysis was carried out. It could be concluded that the Ag/ZnO consists of Ag, Zn, and O only and Zn and O in the case of undoped ZnO. The carbon peak (C 1s) at 284.8 is taken as the calibration value for the curves. The peaks at 1021.4eV and 1044.48eV belongs to Zn 2p 3/2 and Zn 2p 1/2 respectively ( Figure 6 ). The split in orbitals happens due to the formation of Zn 2+ ions [21] . Slight shift to higher band energy is observed for the peak when doped with silver. The peak due to oxygen O (1s) can be fitted in to two symmetrical signals that of lattice oxygen and surface hydroxyl oxygen [16] . The oxygen also shows a positive shift when doped with Ag. Silver gives a characteristic peaks 367.6 eV and 373.6. eV corresponding to Ag 3d 5/2 and 3d 3/2, slight deviation from bulk Ag value of 368.2 eV and 374.2 eV respectively. The 6eV difference between two orbitals of Ag indicates reduction of Ag metal to produce metallic silver [18] . There is a shift to lower binding energy compared to pure silver, probably due to a decrease in electron density of Ag. When Ag is deposited on ZnO surface the transfer of electrons will be from Ag to conduction band of ZnO as work function of Ag is smaller. Therefore an energy level is formed indicating strong interaction of Ag with ZnO particles. The positive shift of Zn and O and negative shift of silver can be due to the interaction between ZnO and Ag. The binding energy of monovalent Ag is lower than zerovalent Ag; this must be the reason to the shift to lower energy levels for silver [39] . 
UV/Vis Spectroscopy
UV-Vis spectroscopy was performed to study the optical properties of ZnO nanoparticles after Ag doping. Pure ZnO particles gave rise to a peak at 373 nm which is similar to many reported values and is blue shifted by about 10-15 nm with respect to bulk value. Upon addition of the Ag nanoparticle to the ZnO, a minor red shift in ZnO peak is noticed. In the case of sample with largest concentration of Ag, an additional hump for silver nano-particles is observed at 429 nm due to localized surface Plasmon resonance (LSPR) and can indicate the morphology of silver particles close to spherical (Figure 7a) . LSPR of Ag in ethanol is observed around 409 nm [40] and it finally settled at 429 when loaded in ZnO. This observation indicates a slight aggregation as well as increase in particle size. The Plasmon absorption peak is inversely proportional to the root of electron density of the metal [19] . Thus it is likely that LSPR will shift due to the transfer of electrons from silver to zinc oxide through ZnO-O..Ag structural arrangement in situ. Since silver has got a smaller work function than ZnO, the transfer of electron will take place from Ag to conducting band of ZnO to achieve Fermi level equilibrium [37] .
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Journal of Materials Science & Nanotechnology 7 The hν values were plotted against (αhν) 2 and extended to calculate the bandgap of the nanoparticles by Tauc method [36] . The band gap (Eg) of the ZnO was calculated to be 2.9 eV, however for the 1% and 4% Ag doped ZnO, a reduction was observed possibly due to oxygen richness on ZnO surfaces. Addition of Ag reduced the bandgap by about 0.1-0.3 eV to be observed at 2.8 eV and 2.6 eV. The reduced eV value enabled the possibility of high photoactivity of the nanoparticles in the visible region (Figure 7b ).
Pholotolumiscence Spectra
To know more about the optical properties, Pholotolumiscence data of the samples is analyzed (Figure 8 ). PL spectrum can provide insights on quality of crystals, structural defects (surface oxygen vacancies, Zn interstitials) and particle surfaces [39] . The room temperature PL spectrum of the samples after exciting the absorption band at 325 nm is recorded. The strong emission peak at 389 nm is the main emission along with minor emissions at 493 and 530 nm which can be due to bound excitons and oxygen deficiency respectively [33] . PL intensity decreased as the concentration of Ag increased. Lower photoluminescence intensity is an indicator of higher life time of electron hole pair. It shows that the adding Ag into the ZnO matrix inhibits the recombination rate [41] . 
Photocatalytic studies
The degradation of pollutants was done in direct sunlight at sunlight intensity of around 80000 lux (~590 W/m 2 ). Methylene Blue is a cationic Azo dye which has been widely studied as a model dye for monitoring photocatalytic reactions. Two major absorbance peaks of methylene blue in water were located at 292 nm and 664 nm, due to benzene ring and heteropolyaromatic linkage respectively. The peaks at 604 nm and 575nm are due to the formation of dimer and trimer particles of MB in aqueous condition [43] . Chemical structure of MB is given below (Figure 9a ); ) should have offered more active surface area for the photocatalytic degradation of MB but surprisingly a decrease in the degradation rate was monitored which is presumably may be due to light scattering by excess amount of catalyst present [41] in the photocatalytic reaction system (Figure 11 ). In order to study the reusability of the catalyst the reaction was repeated for four cycles. The catalyst remained highly solar active and retained around 95% of its activity. This confirms that the catalyst can be effectively used in photocatalytic reactors and can be used for commercial purposes, as the leaching of Ag in the surface is negligible (Figure 12 ). Similarly, photcatalytic activities of Ag/ZnO was tested against another industrially important dye called Rhodamine B (Figure 9b ). Degradation reaction of Rhodamine B was quite quick in the case of Ag/ZnO, the reaction was completed in a short time of about 80 minutes; while ZnO took twice the time to complete the degradation process. It can be concluded that the despite synthesized ZnO by the current method using starch as a surfacing agent itself is quite efficient in degradation of cationic dyes, the rate of degradation can further be enhanced by addition of silver in the ZnO matrix (Figure 13 I) .
Furthermore, so-generated catalyst was tested for decomposition of another industrially important dye used in textiles industry. Methyl orange (Figure 9c ) is an anionic dye and can dissociate into organics under catalytic transformations. The amount of methyl orange absorbed by the catalyst is likely to be less due to presence of oxygen rich surfaces because of the negative charges on the catalyst surface [13] . Indeed, when ZnO alone was employed as a catalyst the degradation was poorer (only ~ 90% in 240 min) which however improved in presence of silver in ZnO confirming that presence of silver create scope for anionic dye to effectivel-
C)
y absorb on the catalyst surface. Thus the complete reaction takes place (almost 100%) in 160 minutes as against 240 minutes of radiation with ZnO alone. The performance of plane ZnO in our case was still better than many reported articles thus further confirming that starch passivating ZnO surfaces are effective by themselves (Figure 13 II) . Similarly, when the two catalysts studied in this work, were tested for degradation of Bromophenol Blue (Figure 9e) , another anionic dye, the reaction rate was fast for Ag/ ZnO than ZnO alone (Figure 14 I ). Additionally, it is important in totality to understand need of effluent treatment. There is large number of organic pollutants in industrial effluent and providing a solution for total degradation of the contaminants, will obviously be a preferred technology. In order to establish the scope of current catalyst to have potential as a total solution, present article studies on phenol and phenolic compounds also which are common contaminants in industrial waste water. The degradation of phenols is challenging due to its stability and water solubility. For p-nitrophenol ( Figure 9d ) the reaction rates were very less for bare ZnO, the reaction was quite faster for Ag/ZnO. An intermediate peak, probably due to hydroquinone formation [45, 46] is visible in the reaction for Ag/ZnO (Figure 14 II) . By showing the efficiency of degradation for decomposition of five types of water pollutants, ( 
Photocatalytic Mechanism
In the present study, pure ZnO NPs showed good photocatalytic activity which is believed to be due to two factors, band gap narrowing due to high oxygen concentration in the base material and due to excitation of the absorbed pollutant because of dye sensitization. XPS and EDAX data clearly show excess oxygen in the catalysts sample; probably due to the oxidative action of starch. Generally, Oxygen vacancies in the ZnO crystal can act as recombination centres, thereby decreasing the photocatalytic efficiency. Lower recombination rates can be the reasons for higher efficiency [2] . PL curve of ZnO shows possibility of low recombination rates and almost negligible impurity peaks. Chemisorbed dyes produce single and triple excited states when excited by visible light. Electrons are transferred to the conduction band of semiconductor from the excited dyes. In the process hydroxyl radicals are generated which carry out the degradation reaction forward [18] . When ZnO is doped with Ag, nano hetero junctions are formed. Optimum loading of Ag, as SEM and TEM data indicates, seems to be the reason for better photocatalytic property of 4% Ag/ZnO (Ag/ZnO 2) than 1% Ag/ZnO (Ag/ZnO 1). The electronic interaction in the metal semiconductor junction suppresses the recombination of the charge carriers. The current mechanism can be considered as similar to that has been reported by other researchers [42] where they have reported that due to localized surface plasmon resonance (LSPR) process, Ag particles act like an antenna for trapping sunlight radiation. LSPR acts as a locally excited electric field and the electrons in the valence band of excited silver nanoparticles (Ag* in reaction 6) get transferred to the conduction band of ZnO and showing formation of ZnO(e) [5] . Thereafter, ZnO in Ag/ZnO will transfer the charge to Ag NPs, thus increasing the rate of separation of photogenerated electron hole pairs. Holes in ZnO react with water leading to the formation of hydroxyl radicals and electrons in conduction band of Ag nanoparticle produce superoxide (O 2 .-) radicals. These radical mineralize the pollutant molecules to basic substances [42, 47] . The overall pictorial photocatalytic mechanism of degradation of MB in presence of Ag/ZnO under sunlight is shown in figure 15 [41] . The following reaction chain is the normal process [19, 48] ; Ag + hυ → Ag Additionally, in case of plasmonic photocatalyst (Ag/ZnO), intensive local electric field LSPR may create excitation of more electrons and holes and heat up the surrounding environment to increase the reaction rate and the mass transfer thereby polarizing the nonpolar molecules for better adsorption and absorption of pollutants with Ag/ZnO [30] . This local electric field may also have factored in better performance in the present study.
Conclusion
Ag/ZnO photocatalyst which is highly efficient under solar radiation has been prepared using starch. The catalyst was characterized and showed good crystalline properties and showed excessive surface oxygen which may be crucial to the overall catalytic activity during the testing and evaluation of its photocatalytic performance. Presence of silver in the zinc oxide nanostructure enhances the band-gap towards visible region to convert ultraviolet active zinc oxide to a visible light catalyst for its evaluation under direct sunlight. It is observed that presence of silver enhances the photcatalysis and also improves properties like absorption of dyes on the surface. The comparative study of the photocatalytic activity revealed following order for catalyst ZnO < Ag/ZnO 1 (1 wt %) < Ag/ZnO 2 (4 wt %). 1% Ag/ZnO improved the rate by 15%, while 4% Ag/ZnO improved it by 40%. The highest efficiency (99.9%) was obtained for Ag/ZnO 2 photocatalyst against rhodamine B. The so-generated catalysts were able to degrade both cationic (methylene blue, rhodamine B) and anionic dyes (methyl orange, bromophenol blue and phenols (p-nitrophenol). It retained its activity even after third cycle. The catalyst can be used as a directly under the sunlight thereby enhancing the scope for industrial application.
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